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Al Seiff’s Heritage 
PAET (1971), An Entry Probe  
Experiment in the Earth’s Atmosphere 
M = 62 kg, Minst = 14 Kg, D = .914 m  





PAET Mass spectrometer 
•  Launch: June 20, 1971 
•  First entry probe mass spectrometer 
•  Quadrupole analyzer, electron impact ionization source, 

secondary electron multiplier ion detector 
•  Mass: 7.9 Kg 
•  Mass Range:  
    10-90 amu 
 
 
 





Past Missions 

•  PAET:  June 1971 
•  Venera 9 and 10: October 1975 
•  Viking 1 and 2: July and September 1976 
•  Pioneer Venus Multiprobe: December 1978 
•  Venera 11 and 12: December 1978 
•  Venera 13 and 14: March 1982 
•  Vega 1 and 2: June 1985 
•  Galileo Probe: December 1995 
•  Cassini-Huygens Probe: January 2005 



Pioneer Venus Multiprobe 
•  Launched August 8, 1978 
•  Consisted of a large probe, 3 small 

probes, and the instrumented bus 

 
•   Small probes released  
    November 16, 1978 
•   Large probe released  
    November 20, 1978 
•   Atmospheric entry of probes  
    and bus on December 9, 1978 
 



Pioneer Venus Large Probe 
•  315 kg, 1.5 m diameter,7 experiments  
•  Gas Chromatograph, PI Vance I. Oyama  
•  Neutral Particle Mass Spectrometer, PI John D. Hoffman 

 

Fimmel, R., Colin, L., Burgess, E.,  
Pioneer Venus, NASA SP-461, 1983. 



Large Probe Neutral Particle Mass 
Spectrometer (LNMS) 

•  Double-focusing magnetic  
     deflection mass spectrometer 
•  Ceramic micro-leak gas  
     inlet 
•  Mass range: 1 to 212 u 
•  Dynamic range: 1x107 

•  Mass: 9 kg 
•  Average Power: 12 W 

Fimmel, R., Colin, L., Burgess, E.,  
Pioneer Venus, NASA SP-461, 1983. 



Galileo Probe at Jupiter 
•  Launch: October 18, 1989 
•  Entry: December 7, 1995 
•  Probe mass: 340 kg 
•  6 experiments  
•  Descent lasted 58 minutes (0.4 to 23 bar) 
 

Yeates, C., Johnson, T., 
Colin, L., Fanale, F., 
Frank, L., Hunten, D.,  
Galileo: Exploration of 
Jupiter’s System, NASA 
SP-479, 1985. 







Galileo Probe Mass Spectrometer (GPMS) 
•  Quadrupole sensor with 2 electron impact filaments 
•  Sample trapping and enrichment system 
•  Mass range 1-150 u 
•  Mass: 13.2 kg 
•  Average Power: 22 Watt 

 

 
 







Ratio of Jovian to solar abundances
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Elemental Abundances at Jupiter Determined by the 
Galileo Probe Mass Spectrometer

Elememtal abundances in Jupiter’s atmosphere  
 



156 km 
1st Parachute 
(2 sec) 

155-110 km 

2nd Parachute 

(15 min)  

110-0 km 
3rd Parachute 
(2h13min) 

Data via Cassini: 2h28 min of descent and 
1h12 min on surface. Signal via radio 
telescopes: 5h42min, including 3h14min 
from surface. 

Huygens Descent and Landing Overview 





Huygens Probe Gas Chromatograph  
Mass Spectrometer 

 

Cassini GCMS – 17.4 kg 
     41 W average power 
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Lower Atmosphere Averaged Spectrum 
(20-10 km) 

DISR panaroma 
projected at 9 km altitude 



Methane mole fraction 

 

(Niemann et al., Nature, 438, 779-784, 2005) 



          Primordial argon 36,(36Ar),was detected  
          in the Rare Gas Cell:  Mole fraction (2.2±.5)x10-7.  
          Mole fractions of krypton and xenon are below 10 ppb 
    

    
    
    Krypton and Xenon  

were not detected 
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Atmosphere Inlet and Outlet  Locations 

GCMS Inlet GCMS Outlet 



Averaged Surface Spectrum 

CH4, C2H6, CO2, 40Ar  
detected at surface 
Other Possible Species: 
Cyanogen (C2N2) 
Acetylene (C2H2) 
Vinylacetylene (C4H4) 
Propene (C3H6) 
Butane (C4H10) 
Benzene (C6H6) 
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C2N2 DISR Image, 
surface 



Surface Response of N2 and CH4 

Impact 

Inlet Temperature 



HASI temperature profile 

stratopause 

inversion layers 

Credit: ESA / ASI / UPD / OU / FMI  
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Jupiter D/H Compared to Other Giant Planets and 
the Protosolar Value 



Haze  Formation on Titan 

Atreya Science 316, 
11 May 2007 



Planetary Atmospheres Experiment Test 
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The Huygens Probe Experiment(er)s 



Upper Atmosphere Averaged Spectrum 
(130-120 km) 
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